INTRODUCTION
The New Hebrides Island Arc is located in the western part of the equatorial Pacific Ocean and marks the boundary between the AustraliaIndia Plate and the North Fiji Basin. Two hypotheses have been proposed to account for the origin of this island arc, including (1) a reversal in subduction polarity sometime between 8 and 6 Ma (Chase, 1971) , and (2) a continuous eastward subduction zone throughout the Neogene (Luyendyk et al., 1974) . Alternatively, the reconstructions of the New Hebrides Island Arc proper mainly are based on biostratigraphic, lithostratigraphic, and sedimentologic data obtained from Cenozoic sequences distributed on Espiritu Santo, Malakula, Maewo, and Pentecost islands in the central part of New Hebrides Island Arc (e.g., Macfarlane et al., 1988) .
During the Ocean Drilling Program (ODP) Leg 134, drilling at seven sites (Sites 827-832) penetrated Cenozoic sediments in the New Hebrides Island Arc and on the d'Entrecasteaux Zone (DEZ) to investigate the process of ridge-arc collision and to refine the geologic history of the arc. Drilling sites are situated in two major areas including the d'Entrecasteaux-New Hebrides Island Arc collision zone and the intra-arc North Aoba Basin. Specific sites used for this study consist of Site 828 on the North d'Entrecasteaux Ridge (NDR), Sites 827 and 829 on the accretional prism off Espiritu Santo Island of the Western Belt of the New Hebrides Island Arc, and Site 832 located in the central part of the North Aoba Basin ( Fig. 1 and Table  1 ). This study uses quantitative analysis of benthic foraminiferal biofacies at these sites to delineate Neogene faunal change in the Vanuatu region and as a basis for reconstructing the Paleobathymetric history of the New Hebrides Island Arc.
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LITHOSTRATIGRAPHY AND AGE
The Leg 134 Shipboard Scientific Party (Collot, Greene, Stokking, et al, 1992a-d) described the lithostratigraphy and ages of Sites 827, 828, 829, and 832 as summarized below:
Site 827
The sediment of Site 827 consists of Pleistocene volcanic silt (Unit I), and upper Pliocene siltstone (Unit II). Basal units consist of calcareous siltstone interbedded with sed-lithic conglomerate and breccia (Unit III), and volcanic sandstone (Unit IV).
Site 828
The Cenozoic strata of Site 828 are divided into three units: Unit I (Pleistocene silt or siltstone), Unit II (lower Pliocene foraminiferal ooze), and Unit III (Oligocene nannofossil chalk).
Site 829
The Cenozoic strata penetrated at Site 829 are sheared by many thrust faults, and are composed of 16 lithostratigraphic units (I to XVI) as identified in cores. The lithologic characteristic of each unit is as follows: Units I and IU consist of the Pleistocene clayey volcanic silt. Unit II is represented by upper Oligocene to lower Miocene foraminiferal chalk. Units IV and V are deformed siltstone and chalk and chalk-breccia. Unit VI is characterized by middle Oligocene to lower Miocene calcareous chalk. Units VII and XVI consist of Oligocene ig-lithic breccia. Unit VIII is represented by lower Pliocene foraminiferal chalk. Unit IX contains Pleistocene volcanic silty chalk. Units X of middle to upper Oligocene age and XII of lower to upper Oligocene age are characterized by calcareous chalk. Unit XI of upper Pliocene to Pleistocene age is represented by foraminiferal chalk. Unit XIII is composed of Pliocene or lower Pleistocene volcanic sandstone. Unit XIV is mixed sedimentary rock of Oligocene nannofossil chalk and foraminiferal chalk and clay of Pliocene to Pleistocene age. Unit XV consists of Pliocene to Pleistocene sandy volcanic siltstone. 
Site 832
Neogene strata penetrated at Site 832 are divided into lithostratigraphic Units I to VII. The dominant lithologies in Unit I are Pleistocene sandy to clayey volcanic silts. Unit II consists of Pleistocene sandstone, siltstone, and claystone. The Pleistocene sediments of Unit IU are characterized by a high abundance of calcareous biogenic materials such as nannofossils and foraminifers. Unit IV consists of upper Pliocene basaltic volcanic sand and breccia. Unit V is predominantly composed of limestone and siltstone of late Miocene to early Pliocene age. Units VI and VII consist of volcanic sandstone and basaltic breccia and volcanic sand of middle to late Miocene age, respectively. 
SEDIMENTOLOGICAL ANALYSIS
To delineate the origin and nature of the lithostratigraphy at Sites 827, 828, 829, and 832, sediment samples were examined in the laboratory. Prior to choosing foraminifers, each sample was examined for selected biogenic and inorganic grains greater than 0.125 mm in diameter using a stereomicroscope. The occurrences of coral fragments, pteropods, bivalves, gastropods, echinoid spines, sponge spicules, radiolarians, diatoms, pellets, and plant fragments were counted along with conspicuous inorganic grains of calcite, glauconite, manganese micro-nodules, framboidal pyrite, and chalcopyrite. Figures 2 through 5 show the distribution of these selected materials at each site.
Sites 827 and 829
Plant fragments occur abundantly in the Holocene and Pleistocene sediment at Sites 827 and 829, whereas manganese micro-nodules are found only in the calcareous chalk (lithostratigraphic Units XII and XIV) in the basal part of the sequence at Site 829 (Figs. 2 and 3). Mud comprises more than 85% of most samples at Sites 827 and 829, but ranges from 45% to 90% in Units VII-X (407^36 meters below seafloor [mbsf] ) and Units XIII and XIV (463.6-494.77 mbsf) at Site 829. Lower percentages of mud are accompanied by increases in volcanic materials or planktonic foraminiferal tests.
Site 828
The occurrences of plant fragments are restricted to Pleistocene sediment of Unit I, whereas manganese micronodules are restricted to Oligocene sediments of Unit III (Fig. 4) . Mud comprises more than 95% of the Oligocene sediment of Unit III, about 20% of the Pliocene sediment of Unit II and from 80% to 95% of the Pleistocene strata of Unit I. This value rapidly decreases at the boundary between Units II and III, but gradually increases near the boundary between Units I and IL The samples with less mud are accompanied by abundant planktonic foraminiferal tests (Fig. 4) .
Site 832
Radiolarian tests total more than 1000/g in Holocene strata, but are less abundant (> 100/g) in Pliocene and upper Miocene strata (Fig.  5 ). Plant fragments occur in both Pleistocene and upper Miocene strata. Samples 134-832B-44R-1, 66-68 cm (lower Pleistocene volcanic clastic sediment), are marked by the occurrence of ferro-manganese oxide grains (>30/g).
Sediment between 0 and 385.84 mbsf and between 630 and 847 mbsf are characterized by high mud content (>80%), whereas mud comprises 20% to 80% of sediment between 397 and 630 mbsf and below 847 mbsf. Lower mud content is coincident with the occurrence of volcanic sediment in Units II, III, VI, and VII.
The distribution of the various grain types noted above are useful for recognizing paleogeographic and sedimentary environments by comparing with the mud content of Holocene sediment. For example, plant fragments are rare or absent around small islands (Akimoto, 1991) . Thus, the occurrences of plant fragments from strata at Sites 827, 828, 829, and 832 may imply the existence of a sedimentary basin with a nearby large land area during the late Miocene and Pleistocene. The restricted occurrence of manganese micronodules at Site 829 suggests that they were reworked from Oligocene deposits on the NDR.
BENTHIC FORAMINIFERAL BIOSTRATIGRAPHY

Materials and Methods
Samples analyzed in this study were collected from cores drilled at Sites 827, 828, 829, and 832; all four sites are presently located at lower bathyal water depths (Table 1) . Each sample analyzed consists of about 15 cm 3 of sediment. Unconsolidated sediment samples were washed on a 63-µm sieve screen and dried. Rock samples were dried in an oven and then treated with a saturated sodium sulfate solution and naphtha for disintegration (Maiya and Inoue, 1973) and with sodium tetraphenylborate (Yasuda et al., 1985) . The samples were then wet-sieved through a 63-µm screen and redried.
Benthic foraminiferal specimens are generally rare and moderately to poorly preserved in the samples analyzed. Only samples containing better preserved specimens were quantitatively analyzed. Each sample analyzed was divided by a sample splitter into aliquot parts. In most cases, 100 or more specimens of benthic and planktonic foraminifers larger than 0.125 mm were picked from an aliquot under a binocular microscope. Finally, 102 samples were selected for benthic foraminiferal analysis based on their stratigraphic location and biohorizons of key species.
General Microfaunal Trends and Microfaunal Analysis
The distribution of foraminifers in the modern ocean is fundamentally in harmony with the distribution of water masses and patterns of surface water currents (Akimoto, 1990) . To reconstruct paleoenvironments, statistical distributions of both fossil and Holocene assemblages were compared. Statistical measures applied include planktonic foraminiferal number, benthic foraminiferal number, the damaged planktonic foraminifers/total planktonic foraminifers (DPF/TPF) ratio, planktonic foraminifers/total foraminifers (P/T) ratio, and agglutinated foraminifers/total benthic foraminifers (A/T) ratio. Figure 6 includes a generalized pattern of P/T and A/T ratios in the modern tropical Pacific Ocean.
Planktonic foraminiferal numbers and benthic foraminiferal numbers represent the number of specimens of planktonic and benthic foraminifers contained in 1 g of dry sediment. The P/T ratio represents the ratio of planktonic foraminifers to total foraminifers (planktonic and benthic foraminifers) in a sample. Lower P/T ratios commonly occur beneath coastal water and in deep-water environments below the foraminiferal lysocline. The A/T ratio represents the ratio of agglutinated foraminifers to total benthic foraminifers (agglutinated and calcareous benthic foraminifers). High values of this ratio may indicate special water mass conditions such as the prevalence of low pH conditions or deposition below the carbonate compensation depth (CCD). The DPF/TPF ratio represents the difference between the number of broken foraminiferal tests to complete tests of planktonic foraminifers. High values of this ratio may reflect abrasion by strong waves or dissolution. Stratigraphic variations in the distribution of the selected sedimentary constituents (e.g., manganese micronodules, plant remains, etc.), as well as general microfaunal parameters, including planktonic and benthic foraminiferal numbers, DPF/TPF, and P/T and A/T ratios for all sites studied are illustrated in Figures 2 through 5. 
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Figure 2. Stratigraphic distribution of selected sedimentary constituents, mud content, planktonic foraminiferal number, benthic foraminiferal number, damaged planktonic foraminifers/total planktonic foraminifers (DPF/TPF) ratio, planktonic foraminifers/total foraminifers (P/T) ratio, and agglutinated foraminifers/total benthic foraminifers (A/T) ratio at Site 827. Figure 3 . Stratigraphic distribution of selected sedimentary constituents, mud content, planktonic foraminiferal number, benthic foraminiferal number, damaged planktonic foraminifers/total planktonic foraminifers ratio, planktonic foraminifers/total foraminifers ratio, and agglutinated foraminifers/total benthic foraminifers ratio at Site 829.
Bathymetric Zonation and Species Distribution
Studies of benthic foraminifera in the modern Pacific Ocean have shown that foraminiferal biofacies are well correlated with individual water masses (e.g., Burke, 1981; Hermelim, 1989) . Burke (1981) identified specific foraminiferal biofacies associated with the Pacific Intermediate Water (PIW), Pacific Deep Water (PDW), and Pacific Bottom Water (PBW). These latter three water masses occupy depth intervals ranging from 1200 to 2400 m, from 2500 to 3000 m, and from 3000 to 4000 m, respectively.
Several authors have reported relationships between benthic foraminiferal species and physiochemical properties such as dissolved oxygen and substrate type (Burke, 1981; Hermelim, 1989) . Older studies have included information on depth distributions of living species and fossil occurrences in the Neogene sequences of the Vanuatu area (Cushman, 1921 (Cushman, ,1932 (Cushman, ,1933 (Cushman, ,1942 Cushman et al., 1954; Todd, 1965) .
The following depth classification was used in this study: sublittoral zone (0-150 m), upper bathyal zone (150-500 m), upper middle bathyal zone (500-1500 m), lower middle bathyal zone (1500-2000 m), lower bathyal zone (2000^000 m), and abyssal zone (below 4000 m). Figure 6 shows the relationships between bathymetric zones, water masses, and depth distributions of the major species in the modern equatorial Pacific Ocean region. These Pacific data were used to interpret paleoenvironmental and Paleobathymetric change at the sites studied.
Factor Analysis
Factor analysis (Q-mode) was used to reduce the data into meaningful groups. Factors are patterns reflecting the distribution of variables. A variable, in this case a foraminifer, can have a similarity to a factor (factor loading) ranging from +1.0 to -1.0. In this analysis, any . General bathymetric zonation, generalized water masses, foraminiferal statistics, and depth distribution of major benthic foraminiferal species in the modern tropical Pacific Ocean (Burke, 1981 : Ontong Java Plateau area; Kurihara and Kennett, 1986: New Caledonia area; Oki, 1985 , 1988 .
variable with a factor loading greater than 10.51 can be said to be related to a factor. A sample can be related to a factor by factor scores. A sample is strongly related to a factor when its score exceeds 1.0. A varimax rotation of the factors produces a less abstract result because each varimax factor is constrained to have a faunal composition very similar to that actually observed in at least one sample (Davis, 1973) . In this study, benthic foraminifers from the Cenozoic sediment at Sites 827, 828, 829, and 832 were identified and listed in Tables 2  through 5 (back pocket fold out, this volume). Factor analysis with a varimax rotation was performed to detect major environmental factors that likely controlled the distribution of benthic foraminifera in the Cenozoic sequences analyzed at Sites 827,828,829, and 832. The data matrix for this analysis is composed of 99 samples (61 at Site 827 and 829, 17 at Site 828, and 21 at Site 832) selected from a total of over 600 sediment samples examined. In addition, the matrix includes 58 species at Sites 827 and 829, 45 species at Site 828, and 49 species at Site 832, out of 427 benthic foraminifer taxa identified, which are represented by five or more individuals in two or more samples at each site listed in Tables 2 through 5 . Statistical analysis was performed using a Macintosh personal computer and US SPSS, Inc., software.
Factor analysis identified five factors that account for 70.2% of the variability of data analyzed from Sites 827 and 829 (Table 6 ), 4 factors that account for 59.0% of the variability at Site 828 (Table 7) , and 6 factors that account for 53.2% of the variability at Site 832 (Table 8) . Tables 9, 10, and 11 list the varimax factor scores for each species within each factor at Sites 827 and 829, 828, and 832, respectively.
Sites 827 and 829
The stratigraphic distributions of the factor loadings and assemblages in the sequences at Sites 827 and 829 are illustrated in Figures 7 and 8. Assemblage I is recognized by Factor 1 at only Site 829, and it accounts for 22.7% of the variance. This assemblage is characterized by abundant Globocassidulina subglobosa, which dominates Unit II (Pliocene) and III (Oligocene) at Site 828. G. subglobosa is associated with the shallow-water mass of the modern Pacific Ocean (Woodruff, 1985) , whereas Site 829 is currently located beneath the Pacific Bottom Water at a depth of 2900 m. In addition, Assemblage I is found in Unit II and within the interval of Units V to XI of Hole 829A. The samples from these lithostratigraphic units, which have high positive first factor loading, are composed of Eocene to Oligocene sediment accompanied with manganese micronodules. This suggests that Factor 1 reflects the downslope transport of Eocene and Oligocene sediments from the North d'Entrecasteaux Ridge.
Assemblage II is represented by Factor 2, and accounts for 21.8% of the variance. This assemblage is dominated by Valvulineria gunjii and is distributed in Pleistocene and Holocene strata at Sites 827 and 829, which are located beneath the Pacific Deep Water. On the other hand, the V. gunjii assemblage is poorly represented in Quarternary sediment at Site 832, which is situated at a depth of 3089 m. Thus, the V. gunjii assemblage indicates the boundary between the Pacific Deep Water (PDW) and Pacific Bottom Water (PBW). The subordinate species, Uvigerina peregrina, is also common in sediment beneath the PBW (Hermelin, 1989) . Factor 2 is thus thought to express the boundary between the PDW and PBW.
The distribution of Assemblage III, which accounts for 6.4% of the variance, is restricted to Site 827. This assemblage is recognized by Factor 3, and is composed of Cassidulina norvangi, Trifarina angulosa, and Gyroidinoides nipponicus. These three species occur widely in the bathyal zone of the modern Pacific Ocean. Thus, the third factor loading is related to neither water depth nor water masses. C. norvangi occurs abundantly in association with low oxygen bottom waters in the modern northwest Pacific Ocean (Nishi, 1992) .
This study also examined the relationship between organic carbon and sediment character. High abundance of organic carbon may be implied by the presence of plant fragments as found in the intervals from 37 mbsf (Sample 134-827A-5H-01, 50-54 cm) to 67.5 mbsf (Fig. 2) . These latter samples are coincident with positive higher values of the third factor as shown in Figure 7 . Hence, the prevalence of organic-carbon-rich conditions likely indicate positive factor loading of Factor 3. In turn, organic-rich conditions may have reduced the oxygen content of water immediately overlying sediment and of interstitial waters in sediment. Assemblage IV is represented by Factor 4 and accounts for 4.4% of the variance. This assemblage is characterized by the occurrence of Melonis barleeanus and is found only in the Pleistocene and Holocene sediment. M. barleeanus is common in sediment beneath the Pacific Bottom Water (Woodruff, 1985) . Nuttallides umbonifera, which is common at water depths between the lysocline and the CCD in the PBW, is absent in this assemblage. Assemblage IV is thus regarded as indicative of the upper part of the PBW.
Assemblage V accounts for 3.5% of the variance and is marked by Bolivinita quadrilatera and Bulimina aculeata. These two species are abundant in sediment beneath the Pacific Intermediate Water (Cushman, 1942 ). Thus Factor 5, which is recognized by Assemblage V, is considered to be indicative of the PIW
Site 828
Based on the stratigraphic distribution of higher factor loadings, the faunas in the Site 828 sequence are divided into three assemblages: I, II, and III (Fig. 9) . Assemblage I is recognized by Factor 1 and occurs in lithostratigraphic Unit III. It accounts for 38.2% of the variance and is dominated by Turrilina brevispira, which is accompanied by Globocassidulina subglobosa and Stilostomella lepidula. T. brevispira is most common in Paleogene bathyal deposits, but it also occurs in Eocene abyssal paleoenvironments (van Morkhoven et al., 1986) . However, the lithofacies accompanying Assemblage I is a nannofossil chalk. Modern analogs to the chalk lithofacies are found in the abyssal zone between the lysocline and the CCD (Kennett, 1982) . The distribution of the first factor loading coincides with that of the planktonic foraminiferal numbers and P/T ratio, as shown in Figure 3 . This coincidence supports the abyssal inference of variance for Factor 1. Therefore, Assemblage I is considered to be indicative of the Oligocene abyssal zone above the CCD. Assemblage II at Site 828 accounts for 14.0% of the variance and is represented by Factor 2. This assemblage is dominated by Globocassidulina subglobosa, which occurs abundantly in shallow water in the modern ocean (Woodruff, 1985) . Todd (1965) reported that G. subglobosa is distributed in water depths of 600 to 1200 m in the modern Pacific Ocean and occurs in areas of high calcium carbonate concentration surrounding islands and plateaus. This assemblage zone also corresponds to lithostratigraphic Unit II (foraminiferal ooze). Thus, Factor 2 suggests the presence of a shallow-water mass above the PIW surrounding a plateau.
Assemblages III and IV are recognized in Unit I. Assemblages III and IV, accounting for 10.9% and 7.6% of the variance, respectively, are represented by Factors 3 and 4 and are dominated by Valvulineria gunjii and Oridorsalis tener, respectively. V. gunjii is common in sediment beneath the boundary between Pacific Deep Water and Pacific Bottom Water. Thus, Factor 3 may imply the presence of the boundary between the PDW and PBW.
No data are available for the modern distribution of O. tener in the equatorial Pacific Ocean. However, this species is a typical deep water species and is distributed in the middle bathyal zone of the modern world ocean (e.g., Pflum and Frerichs, 1976; Akimoto, 1990) . Although Site 828 is situated in the lower bathyal zone (about 3000 m in water depth), the sample from the top of the sequence at this site yields abundant O. tener. Thus, the fourth factor loading cannot be explained by water depth or water mass. On the other hand, samples having high fourth factor loadings are characterized by low mud content and include many plant fragments. These associations indicate that Assemblage IV was likely derived from the lower middle bathyal zone off Espiritu Santo Island and transported by turbidity currents. Thus, Factor 4 suggests the transport of sedimental organic matter from the island. 
Site 832
The distribution of the factor loadings in the Neogene sequence at Site 832 is illustrated in Figure 10 ; six assemblages are recognized in this Neogene sequence. Assemblage I, which is represented by Factor 1, accounts for 19.5% of the variance and is characterized by Cibicides wuellerstorfi and Gavelinopsis praegeri. Assemblage I is recognized in Pleistocene sediments from 397 to 461 mbsf and at 540 mbsf. The upper and lower depth limits of G. praegeri in the modern equatorial Pacific Ocean are 1100 m and 2000 m (Todd, 1965) . C. wuellerstorfi is abundant below 1400 m water depth near the upper limit of the Pacific Intermediate Water (Fig. 6) . Hermelin (1989) reported that C. wuellerstorfi is associated with the deep oxygen minimum layer of the PIW. Thus, Factor 1, represented by Assemblage I, is likely related to the presence of the PIW.
Assemblage II accounts for 10.0% of the variance and is marked by abundant Globocassidulina subglobosa accompanied by Cibicidoides mediocris. This assemblage is recognized by Factor 2 and is distributed in Pleistocene strata at this site. G. subglobosa is abundant in shallow waters but C. mediocris is common in deep waters (Woodruff, 1985) . Thus, the second factor loading is not related to either water depth or water mass. According to sediment descriptions at this site (Collot, Greene, Stokking, et al., 1992d) , many slumps occur in the middle and lower parts of the Pleistocene strata, which agrees with horizon having the high positive second factor loading. Thus, Factor 2 may reflect a transported fauna.
Assemblage III in Factor 3 accounts for 8.8% of the variance and is composed of Melonis sphaeroides and Melonis barleeanus. M. sphaeroides is restricted to the abyssal zone in the modern Pacific Ocean (Hasegawa, 1984) , and M. barleeanus was common in sediment beneath the Pacific Bottom Water during the Miocene (Woodruff, 1985) . Thus, Factor 3 is thought to indicate the PBW.
The fourth factor accounts for 7.9% of the variance and is dominated by Rhabdammina abyssorum (Assemblage IV). R. abyssorum is common at depths below the lysocline in the modern Pacific Ocean (Akimoto, 1990) and is abundant at depths below the CCD (Nienstedt and Arnold, 1988) . In addition, the intervals represented by high positive Factor 4 loading accord with the distributions of low P/T and high A/T ratios as shown in Figure 5 . Thus, Factor 4 is thought to indicate deposition below the lysocline and/or the CCD.
Assemblage V is represented by the occurrence of Tosaia hanzawai and Globocassidulina moluccensis and accounts for 6.9% of the variance. This assemblage is recognized by Factor 5. In the modern ocean, T. hanzawai dominates environments between depths of 3000 m and 4000 m (Akimoto, 1990) . In addition, G. moluccensis is restricted to areas beneath the Pacific Deep Water, as shown in Figure 6 . Thus, Assemblage V is related to the PDW.
Assemblage VI, which is characterized by the occurrence of Nuttallides umbonifera, is recognized by Factor 6 and accounts for 4.3% of the variance. N. umbonifera occurs most abundantly in sediment beneath the Pacific Bottom Water (Burke, 1981) . Hermelin (1989) reported that this species is most common on the seafloor 275 between the lysocline and the CCD. Factor 6 implies the PBW at depths between the lysocline and the CCD.
PALEOENVIRONMENTAL INTERPRETATION
Paleobathymetric Models
The paleodepths or paleobathymetry in the Vanuatu region during the Neogene have been evaluated on the basis of the relationship between the distributions of benthic foraminiferal assemblages and water masses (e.g., Figs. 6 and 11). Any shift in identified benthic foraminiferal assemblages and paleoenvironments implies significant variations of major physical parameters associated with the stratified nature of the water column. In turn, these faunal variations provide the basic criteria for understanding Neogene Paleobathymetric and depositional history.
Nine paleoenvironments have been deduced through interpretation of sedimentological properties and ecological data on modern benthic foraminifers. Each paleoenvironment is associated with a particular benthic foraminiferal biofacies (Fig. 11) . With the exceptions of the Quarternary Valvulineria gunjii biofacies and the Eocene Turrilina brevispira biofacies, all of the biofacies recognized in Neogene and Quaternary sediment at Sites 827,828,829, and 832 can be recognized in the modern tropical Pacific Ocean and have established bathymetric distributions.
Valvulineria gunjii dominates faunas from the top of the sequence at Sites 827 (2803.4 m water depth) and 829 (2905.2 m water depth), but it is rare at Sites 828 (3086.7 m water depth) and 832 (3089.3 m water depth) under the Pacific Bottom Water, and at Site 833 (2628.5 m water depth) under the Pacific Deep Water. The V. gunjii fauna has not been previously reported from the modern Pacific Ocean. However, Sites 827 and 829 are located near the boundary of the PDW and PBW. Thus, the distribution of these fauna species is thought to be related to the boundary between the PDW and PBW.
In addition, the extinct Eocene taxon Turrilina brevispira is most common in bathyal deposits, but also occurs in abyssal sediments (van Morkhoven et al., 1986) . In this study, this species was found in Oligocene nannofossil chalks. The chalk samples have smaller planktonic foraminiferal numbers and P/T ratios (Fig. 5) . The nannofossil ooze is distributed in the abyssal zone between the lysocline and the CCD in the modern ocean (Kennett, 1982) . Cushman (1932 Cushman ( , 1933 Cushman ( , 1942 and Todd (1965) also reported that nannofossil ooze is distributed from depths of 3250 to 4500 m in the modern equatorial Pacific Ocean. Thus, this species was likely distributed in the abyssal zone between the lysocline and the CCD during the Oligocene.
Paleobathymetric History of the Vanuatu Region
The Pliocene through Holocene Paleobathymetric history of the Vanuatu region (Figure 12 ) can be reconstructed through geological analyses, benthic foraminiferal biofacies variations, and sedimentology. Robinson (1969) , Mallick and Greenbaum (1977) , and Carney (1986) of Espiritu Santo and Maewo islands. The following interpretations summarize the Paleobathymetric and paleoenvironmental history of the Vanuatu region based primarily on the benthic foraminiferal analysis presented above.
Early Pliocene
Benthic biofaunas indicate that the North d'Entrecasteaux Ridge was situated at upper bathyal depth (600-1200 m) during Pliocene and Pleistocene time. However, lower Pliocene sediments in the western part of Espiritu Santo Island were deposited in the sublittoral zone based on the presence of larger benthic foraminiferal species such as Miogypsinoides dehaarti, Miogypsina polymorpha, Miogypsina thecideaeformis, and Lepidocyclina martini in the Tawoli Formation (Robinson, 1969; Mallick and Greenbaum, 1977) . Based on the occurrences of the Rhabdammina abyssorum, Nuttallides umbonifera, and Melonis barleeanus-Melonis sphaeroides biofacies in the lower Pliocene strata at Site 832 in ascending order, the seafloor of the North Aoba Basin was gradually elevated from a depth below the CCD (approximately 4500 m) to the middle part of the lower bathyal zone (3000-3500 m) in the early Pliocene.
Lower Pliocene sediments on Maewo Island are divided into the Tafwutmuto Formation and the Maewo Group (Carney, 1986) . The paleodepth of the Tafwutmuto Formation is estimated to be within the range of the Pacific Deep Water (2500-3000 m) based on the occurrences of a typical PDW species such as Favocassidulina favus and Parrelloides bradyi. The Maewo Group is composed of planktonic foraminiferal ooze typical of depths between 1800 and 3000 m in the modern ocean. Thus, the Maewo Group was likely deposited in the lower part of the middle bathyal zone to the upper part of the lower bathyal zone during early Pliocene time.
Late Pliocene
The upper part of the Pliocene Tawoli Formation in Espiritu Santo Island yields a rich marine microfauna including bathyal species such as Brizalina hantkeniana. The Holocene distribution of this latter species is restricted to the middle bathyal zone (1200-2000 m). Thus, this formation is estimated to have been deposited in the middle bathyal zone. As discussed above, the Pliocene strata at Site 832 accumulated in the lower bathyal zone under the Pacific Bottom Water and at a depth above the lysocline. Thus, the floor of North Aoba Basin likely remained at a depth of 3000 to 3500 m through the late Pliocene. Carney (1986) concluded that the Nasawa Formation in Maewo Island was deposited at a water depth shallower than 2550 m in the middle bathyal zone on the basis of the depth distribution of pteropod ooze in the modern ocean. According to Cushman (1932 Cushman ( ,1933 Cushman ( ,1942 and Todd (1965) 
Pleistocene
The paleodepth of Pleistocene sediment accreted to Espiritu Santo Island is interpreted to be the middle part of the lower bathyal zone (2800-3500 m) based on the occurrence of the Valvulineria gunjii biofacies and the Melonis barleeanus-Melonis sphaeroides biofacies in Pleistocene sediment cores at Site 829. Judging from Robinson's (1969) data, the western part of Espiritu Santo Island was located in the sublittoral zone (<150 m), whereas sediment in the eastern part of the island was deposited in the upper bathyal to middle bathyal zone 282 (500-1200 m). In addition, Factors 1 and 2, represented by upper and bathyal benthic assemblages, are present in the lower part of Pleistocene strata at Site 832.
Based on the faunal change from Melonis barleeanus-Melonis sphaeroides biofacies to Nuttallides umbonifera biofacies during the interval between the Pliocene and Pleistocene (ca. 1.9 Ma), the seafloor of the North Aoba Basin apparently subsided 500-1500 m, ultimately reaching abyssal water depths (4000-4500 m). Pleistocene sediments of Maewo Island were deposited in the sublittoral zone based on the occurrence of many neritic micro-and megafossils (Carney, 1986) .
Holocene
Benthic foraminifers at Site 828 indicate that the basal Holocene strata on the North d'Entrecasteaux Ridge were deposited in the upper bathyal zone (600-1200 m), with the remainder of these sediments deposited in the lower bathyal zone (2800-3000 m). Thus, the paleodepth of these strata changed rapidly from the upper bathyal zone to the lower bathyal zone during the Holocene period.
Sediments comprising the accretionary prism at Sites 827 and 829 off Espiritu Santo Island were deposited in the middle part of the lower bathyal zone (2500-3500 m) based on the occurrence of the Tosaia hanzawai-Globocassidulina moluccensis biofacies, Valvulineria gunjii biofacies, and Melonis barleeanus-Melonis sphaeroides biofacies. Robinson (1969) constructed the Holocene paleogeography of Espiritu Santo Island by means of lithofacies and the distribution of larger benthic foraminifers. He concluded that the Holocene sediment distributed in the eastern part of this island was deposited in the tidal to upper sublittoral zone during the same period that the western part of island was above sea level.
During the early Holocene, the seafloor of the North Aoba Basin was at abyssal depths (below 4000 m) and has rapidly been elevated to its present depth of about 3100 m. According to Carney (1986) , Maewo Island was uplifted above sea level before the beginning of the Holocene.
CONCLUSIONS
Nine benthic foraminiferal biofacies occurring in Oligocene and Miocene to Holocene sediments of the New Hebrides Arc area have been recognized based on sedimentological data and ecological data on modern benthic foraminifers. The paleodepths of the North d'Entrecasteaux Ridge, the eastern continental slope off Espiritu Santo Island, and the seafloor of the North Aoba Basin during Pliocene to Holocene time have been evaluated on the basis of the relationship between the distributions of benthic biofacies. The paleodepth of North d'Entrecasteaux Ridge is estimated to have been at the lower bathyal to abyssal depths during the Oligocene, was uplifted to upper bathyal depths during Pliocene time, and subsided to lower bathyal depths during Pleistocene to Holocene time. The paleodepth of the sea floor of North Aoba Basin is estimated to have been at abyssal depths below the CCD during the early Pliocene time, the middle part of the lower bathyal zone during the late Pliocene and the Holocene times, and the lower part of the lower bathyal zone to abyssal zone during the Pleistocene time.
TAXONOMY
Benthic foraminiferal species from the Vanuatu area are alphabetically listed below. Some selected species are illustrated with micrographs taken with a scanning electron microscope. The original references are given for each of the species. Akimoto, 1990 
